Effective humidification is sometimes difficult to achieve in children when normal mechanisms are bypassed by having a tracheostomy in situ. The humidification options available in the paediatric population are heat and moisture exchangers (HMEs) and heated humidifiers, both of which are reviewed and discussed. In some circumstances the humidification achieved with HMEs is inadequate. We outline the hospital and subsequent home management of two infants, both with tracheostomies in situ, who unsuccessfully trialed HMEs and subsequently achieved effective humidification with heated humidifiers. We propose that heated humidifiers would help more tracheostomized infants who are suffering from similar problems.
Effective humidification is sometimes difficult to achieve in children when normal mechanisms are bypassed. Two of the main functions of the upper airway are the addition of heat and moisture to inspired gas and removal of airborne particles. Appropriate humidification techniques have not been reviewed in the paediatric population. The options are heated humidifiers and heat and moisture exchangers (HMEs).
With an intact airway the inspired gas at the carina is conditioned to close to body temperature (37°C) and saturated with water vapour (100% relative humidity, or 44 mg H 2 O/l). This level of humidity optimizes mucociliary transport 1 and this temperature optimizes ciliary beat frequency 1, 2 . The need to deliver warm moist gas when these passages are bypassed has been repeatedly emphasized in adult and animal studies [1] [2] [3] [4] . Cold dry inspired gases take moisture from any wet surface-i.e. the mucosa or secretions lining the tracheostomy tube. The thickened mucus impairs mucociliary clearance and can cause partial or complete occlusion of the airway and tracheostomy tube. A meta-analysis of adults showed mucosal dysfunction increased over time when a humidity deficit occurred and this was minimized or prevented by body temperature saturated gases 1 .
The effects of gas temperature and particulate water on the pulmonary parenchyma have been demonstrated in animal models 3 and in ventilated adults, where pulmonary damage following ventilation has been largely attributed to oxygen. Even at low levels, oxygen has a dose-and time-dependent reactive effect on mucociliary transport in adult 5 and animal studies 6 . Many tracheostomized patients are dependent on continuous oxygen because of pulmonary disease. However oxygen via a tracheostomy may reduce mucociliary transport, resulting in build-up of secretions and airway damage.
We outline the respiratory management of two infants, both with tracheostomies in situ, who unsuccessfully trialed HMEs but achieved more effective humidification with heated humidifiers.
CASE 1
The first patient was a female born at 25 weeks' gestation who had required six days' ventilation and one month of continuous positive airway pressure (CPAP) and oxygen for respiratory distress syndrome. She had developed subglottic and posterior glottic stenosis with reduced cricoarytenoid joint mobility, and a tracheostomy tube was inserted at one year of age because of increasing obstruction. Her growth and development were appropriate for her corrected age.
At 30 months of age she was referred to our hospital for investigation of apnoea and desaturation during sleep. These episodes occurred approximately four times a night for four weeks, with one lifethreatening episode, and all required oxygen and suctioning. Episodes witnessed in hospital were all associated with excessive secretions and obstruction. She was using an HME (Hydrotrac T, Intersurgical, U.K.) and required daily routine tracheostomy tube changes due to partial obstruction of the tube as well as additional emergency changes. Saline installations of up to 5 ml were given during suctioning to loosen tenacious secretions.
On admission her chest X-ray and computerized tomography (CT) chest scan showed right upper lobe and left lower lobe consolidation. Nasopharyngeal aspirates and pertussis serology were negative. An electrocardiogram (ECG) and echocardiogram were normal. Overnight oximetry showed desaturations in air to 80% that corrected with oxygen 0.5 l/min via nasal prongs. Bronchoscopy was normal, but the bronchoalveolar lavage grew Pseudomonas aeruginosa and Proteus mirabilis for which she had a 10 day course of ciprofloxacin. She had a normal sweat test, immunoglobulin classes and subclasses, and cystic fibrosis genetic screen.
A trial of humidification was undertaken. An oxygen concentrator (De-Vilbliss, U.S.A.) provided 2 l/min of oxygen to an air entrainer, which delivered 6 l/min of air/oxygen to a heated humidification system (RT002 air entrainer, HC500 home humidifier, HC335 chamber, and RT100 breathing circuit-Fisher & Paykel, Auckland, New Zealand) via a T-piece. The humidifier was set so the gas arrived at body temperature, saturated with water vapour (37°C, 100% relative humidity, or 44 mg H 2 O/l). The unit was trialed for two days before discharge. At home the humidification was used only during the hours of sleep with the system connected directly to the tracheostomy tube.
After five days of using the heated humidifier her secretions had reduced so that saline installation was no longer required for routine suctioning. There had been no partial or complete tube obstructions. Elective tube replacements were now occurring weekly, and the tubes removed appeared clean and not encrusted. She developed an upper respiratory tract infection (URTI) but, unlike on other occasions, her secretions remained manageable. She had been an inpatient at the referring hospital and then our hospital for the previous two months, but now the family were able to manage her at home. Humidification was continued for three months up until the planned two-stage laryngoplasty and subsequent extubation. A preoperative chest X-ray demonstrated clearance of the previous consolidation. One month later she was successfully extubated and on review two months later she had had no further problems.
CASE 2
The second patient had CHARGE association diagnosed at three weeks of age. She required a Nissen fundoplication and continuous feeds via a percutaneous jejunostomy for pharyngeal incoordination, severe gastro-oesophageal reflux and failure to thrive. At nine months of age she had a tracheostomy inserted for subglottic stenosis. She suffered recurrent airway obstruction, poor tongue and secretion control and choanal narrowing. She had global developmental delay and failure to thrive. Her chest X-ray had shown abnormalities with consolidation at the right base and patchy atelectasis affecting most lobes for eight months. She had also developed an oxygen requirement and chronic lung disease presumed secondary to recurrent aspiration pneumonias. Tracheal aspirates grew Pseudomonas and Streptococcus pneumoniae. Despite using an HME (same type as case 1) large amounts of thick secretions were requiring hourly suctioning with saline installations.
At 23 months of age she was reviewed by our hospital for further management. She was admitted for a two-week course of intravenous (IV) antibiotics (ciprofloxacin and cefuroxime) and physiotherapy. A trial of humidification (procedure same as case 1) was undertaken. After two days there was a dramatic improvement in secretion tenacity and volume, resulting in suctioning only four times a day. She was discharged on nocturnal humidification and a greatly reduced continuous oxygen requirement of only 0.1 l/min.
After six weeks of heated humidification her chest X-ray was clear (and has remained so for over one year), the oxygen requirement was as per discharge and her secretions had continued to be thin and easily managed.
DISCUSSION
Attention to effective humidification in these two tracheostomized children allowed their discharge from hospital, improved their activity tolerance, and allowed clearance of long-standing atelectasis on X-ray. Their parents reported reduction in secretion volume, frequency of suctioning and the number of tracheostomy tube changes. The small calibre of the children's airway and the small tracheostomy size confounds the need for adequate humidification to prevent airway obstruction by secretions.
There are two options for humidification: heated humidifiers and HMEs. The advantages of HMEs are that they are small, relatively cheap and do not require electricity 7 . However humidification provided E. A. EDWARDS, C. A. BYRNES Anaesthesia and Intensive Care, Vol. 27, No. 6, December 1999 by HMEs is limited and proved inadequate in these children. HMEs conserve some heat and moisture during expiration and return part of this to the inspired gas causing a net loss of moisture from the airway 7 . HME performance can also be reduced by large or small tidal volumes and leaks around the tracheal tube, and they create an increased resistive load and dead space 8 . Endotracheal tube blockages have been found to occur in mechanically ventilated patients with the use of both types of humidification device, but a greater incidence occurs with HMEs 4, [9] [10] [11] .
The main advantages of heated humidifiers are that they provide body temperature saturated gases at a wide range of tidal volumes and flows with minimal resistance to flow 12 . Heated humidifiers have been found to be superior in alleviating thick secretions than HMEs 13 . However, heated humidifiers should be mounted below the patient to prevent accidental aspiration of their contents and are not suitable for active children during the day. In these cases, when the reduced need for suctioning and tracheostomy tube changes were taken into account, the cost of heated humidification (including the capital purchase) was no greater than when using HMEs.
Both cases received body temperature saturated gases during sleep only. After the first few days both had reduced secretion volumes, need for suctioning, and number of occlusions. They also slept fewer hours of the day, were more active, and their parents reported that they were less short of breath with activity. Using the humidifier only when the child is asleep allows acceptability without limiting daytime activities, and in these two cases achieved an improved outcome. Despite the perceived complexity, both families felt confident using the heated humidifier.
We propose that heated humidifiers would help more tracheostomized infants who are receiving inadequate humidification by other means.
